This paper uses a multicountry macroeconometric model to estimate the macroeconomic effects of a Chinese yuan appreciation. The estimated effects on U.S. output and employment are modest. Positive effects on U.S. output from a decrease in imports from China are offset by negative effects on U.S. output from increased inflation and from a decrease in U.S. exports to China because of a Chinese contraction.
Introduction
At the time of this writing (February 2010) many feel that the United States economy is being hurt by the Chinese policy of essentially pegging the yuan to the dollar. For example, Krugman (2010) states that "My back-of-the-envelope calculations suggest that for the next couple of years Chinese mercantilism may end up reducing U.S. employment by around 1.4 million jobs." He notes that the * Cowles Foundation and International Center for Finance, Yale University, New Haven, CT 06520-8281. Phone: 203-432-3715; e-mail: ray.fair@yale.edu; website: fairmodel.econ.yale.edu. The results in this paper can be duplicated on the author's website, and alternative experiments can be done. government, and foreign) are accounted for. The federal government deficit is determined by an identity, as is the federal government debt. There is an estimated equation determining the interest payments of the federal government as a function of interest rates and the government debt.
The ROW model consists of estimated equations for 37 countries. There are up to 13 estimated equations per country and 16 identities. There are a total of 274 estimated equations in the ROW model. The estimated equations explain total imports, consumption, fixed investment, inventory investment, the domestic price level, the demand for money, a short term interest rate, a long term interest rate, the spot exchange rate, the forward exchange rate, the export price level, employment, and the labor force. The specifications are similar across countries. The short term interest rate for each country is explained by an estimated interest rate rule for that country. In some cases the U.S. interest rate is an explanatory variable in the estimated rule, where the Fed is estimated to have an effect on the decisions of other monetary authorities. The exchange rates are relative to the dollar or the euro. The two key explanatory variables in the exchange rate equations are a relative interest rate variable and a relative price level variable.
The two key explanatory variables in the domestic price equation are a demand pressure variable and a cost-shock variable-the price of imports. In the price of exports equation, the price of exports in local currency is a weighted average of the domestic price level and a variable measuring the world export price level (translated into local currency using the exchange rate). The weights are estimated. There are many links among countries. The use of the trade shares means that the differential effects of one country's total demand for imports on other countries' exports are accounted for. There are interest rate links through the U.S. interest rate affecting some other countries' rates in the estimated interest rate rules. In a few cases the euro (earlier German) interest rate affects other countries' interest rates. Exports are endogenous for each country, since they depend on the imports of other countries, which are endogenous. The price of exports in local currency of each country is endogenous, since they depend, as noted above, on the domestic price level and the world price level. The price of exports in dollars is endogenous because the price of exports in local currency is endogenous and the exchange rate is (for most countries) endogenous. The price of imports in each country is endogenous because it depends on the price of exports of the other countries weighted by the trade shares. Since, as noted above, the price of imports affects the domestic price level in each country's estimated domestic price equation, there are price links among countries. An increase in the price of exports in dollars in one country leads to increases in other countries' import prices, which affects their domestic and thus export prices, which feeds back to the original country, etc.
Before discussing the experiments, it will be useful to review a few of the model's properties for the United States and China. the United States in this respect, the fall in Chinese output from the appreciation is overestimated in the basic experiment because the expansionary effects from the fall in the Chinese domestic price level are not taken into account. In the basic experiment Chinese output simply falls because of the decrease in exports. For the third check it was assumed that Chinese government spending, which is exogenous in the basic case, is changed enough to completely offset the fall in output. In other words, it is assumed that the appreciation has no effect on Chinese output.
The Basic Experiment and Results
At the time of this writing trade share data are available through 2008:4. The simulation period was taken to be 1999:1-2008:4. There are a total of 1,604 estimated equations in the model counting the trade share equations, and the first step was to add the estimated residuals to these equations and take them as exogenous. This means that when the model is solved, a perfect tracking solution is obtained. The second step was to decrease the yuan/dollar exchange rate by 25 percent from its actual value for each quarter. For example, the actual yuan/dollar exchange rate in 1999:1 was 8.2787, and the new value was taken to be 0.75 times this, or 6.6090.
This was done for each of the 40 quarters.
The model was then solved with this change imposed. No other changes were 8 made. For example, all the estimated exchange rate equations were left in. To the extent that the predicted values from these equations are not affected much, the exchange rates relative to the dollar do not change much, which means there is also an appreciation of the yuan relative to other currencies. For exchange rates that are exogenous, there is an exact 25 percent appreciation of the yuan relative to these currencies since the exchange rates are relative to the dollar.
Because of the many links among countries, the results are not easy to explain.
The following is a step by step discussion, but the actual story is in fact more complicated because of the simultaneity. The results referred to below are presented in Table 1 . The variables are defined at the bottom of the table and are defined in the text in the order they are listed in Table 1 . When a variable is said to increase or decrease, this always refers to the new solution value relative to the base value.
Results are presented in Table 1 for the fourth quarter of each year. When the variable is only annual, the results are for the year.
The appreciation of the yuan leads to a decrease in Chinese import prices (P M ch ), which through the domestic price equation leads to a decrease in Chinese domestic prices (P Y ch ). After four years domestic prices are down 15.15 percent, which is a large change. The decrease in domestic prices and the decrease in the world price of exports in yuan (because of the appreciation) leads through the export price equation to a decrease in Chinese export prices in yuan (P X ch ). After four years export prices are down 20.10 percent, which is also a large change. The dollar price of Chinese exports (P X$ ch ) increases, but by less than it would have had Chinese export prices in yuan not fallen. The initial increase is 10.81 percent, The fall in exports has a negative effect on Chinese GDP (Y ch ), which in turn has a negative effect on total Chinese imports (IM ch ).
Turning to the United States, the import price deflator (P M us ) is higher because of the higher price of Chinese imports. This leads to an increase in U. exports (EX us ) are, however, down only slightly, and so there is only a small effect on U.S. output from export changes. U.S. consumption (C us ) is down because of the fall in real wealth and real income, which is a negative effect on U.S. output.
The increase in the short term interest rate also has a negative effect on U.S. output, although this effect is small because the change in the interest rate is small.
The net effect on U.S. output is negative but small. The decrease is 0.05 percent after one year and 0.03 percent after four years. The net effect on U.S.
jobs is correspondingly small: a decrease of 0.03 percent (40,800 jobs) after one year and 0.05 percent (57,100 jobs) after four years.
To summarize, the main expansionary effect on U.S. output from the appreciation of the yuan is the fall in U.S. imports from China. The main contractionary effect is through higher U.S. prices and the fall in exports to China. The net effect on U.S. output could go either way, and it is in fact slightly negative. The net effect is, however, very small, and as a rough approximation one might say that the Chinese appreciation is a wash relative to U.S. output and employment. 
Robustness Checks
As discussed at the end of Section 2, three robustness checks were made. For the first the weight on the domestic price level in the Chinese export price equation is changed from 0.5 to 0.8. No other changes were made. The results are presented in Table 2 . In this case the price of exports in yuan fall less and so the price of exports in dollars rises more. The initial increase in P X$ ch is now 17.59 percent compared to 10.81 percent in Table 1 . This results in Chinese exports, output, and imports all falling more. Also, U.S. import prices rise more due to the larger increase in Chinese export prices, which leads to U.S. domestic prices rising more.
U.S. imports from China are down more because of the higher Chinese export price. U.S. output and employment are down slightly more in this case, but again the output and employment effects are modest.
For the second check, reported in Table 3 , the Chinese domestic price equation is dropped. No other changes were made from the Table 1 experiment. This leads to a smaller decrease in the Chinese export prices in yuan because, unlike in Table   1 , there is no effect from a fall in the domestic price level on export prices. The increase in Chinese export prices in dollars is thus larger. Tables 2 and 3 are thus similar relative to Table 1 in that Chinese export prices in dollars are higher. The increase is larger in Table 3 (except for the first year). The story for Table 3 is thus similar to that for Table 2, only the differences between Tables 3 and 1 are larger   than those between Tables 2 and 1 . U.S. output falls by 0.09 percent after four years, and employment falls by 137,300 jobs. These effects are still quite small.
For the third check, reported in Table 4 , the output effect on China was turned off by having government spending offset any contractionary effects. No other changes were made from the Table 1 experiment. In this case Chinese domestic prices do not fall as much as in Table 1 because there is no negative demand effect from lower output. This leads to a smaller fall in Chinese export prices in yuan and so a larger rise in export prices in dollars. The price effect on the United States is Table 4 versus Table 1 . The positive effect from higher U.S. exports is roughly offset by the negative effect from higher U.S. prices, and the effects on U.S. output and employment are similar in Table 4 Table 4 performed (i.e., no Chinese output effect), IM ch would rise rather than be unchanged. This rise could be large enough to lead to a large enough rise in U.S. exports to have the net effect on U.S. output and employment be positive. The net effect, however, would still likely be quite small.
